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Abstract: [ Objective | Varroa destructor is the main stressor driving the honey bee colony failure in Apis
mellifera.This study aims to select an effective plant product medicine, thus providing the theoretical support for
environment—friendly miticide development.[ Method ] After infestation, the bees were fed with protocatechuic

acid, artemisinin, and celery juice.Additionally, we treat the infested bees with celery seed in order to quantify
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mite survival, bee survival, virus load and bee immune responses.The metabolic pathway leading to mite death
was identified by metabolomics analysis. Additionally, the miticide efficiency of the three main volatile
components of the celery seed was tested.[ Result] The impact of protocatechuic acid, artemisinin, and celery
juice on mite mortality was minor compared with the control group (P>0.05).Celery seeds effectively inhibited
mite survival (P<0.05)and virus proliferation (P<0.05) , with a minor impact on bee survival (P>0.05).The main
volatile components of celery seed, carvacrol, alkanes, and terpinene all effectively inhibited mite survival.
[Conclusion]Celery seeds showed strong mite inhibitory effects , and the three main volatiles , Carvacrol , o—
cymene and terpenes, can be used as candidate components of acaricides.

Keywords: Varroa destructor ; Apis mellifera ; plant compound ; miticide
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Fig.1  Morphology of the Varroa destructor
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FEH .
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Tab.1 Shedding of the mites and bee mortality after feeding plant extracts

I H Ttem MR LT Mortality of mites BEWEIET R Mortality of bees
TE# Normal 0.31+0.22 0.09+0.09
T Artemisinin 0.28+0.22 0.10+0.13
A Acetone 0.37+0.24 0.15+0.18
JE JLASER Protocatechuic acid 0.42+0.26 0.16+0.13
WitE Ethanol 0.31+0.21 0.12+0.08
7K Water 0.49+0.30 0.12+0.10
= Celery 0.21+0.16 0.05+0.05
S
A 1.0 B 1.0 I |
0.8 |
£ Z
0F o6t H3
R s 9 8
2 3 04t E2
B3 z
0.2 F
0.0 Lo — L
FrSERF =H PR =H
Celery seed fumigation Control Celery seed fumigation Control
et 54
Experimental groups Experimental groups

A BEERET A B KT UM AU T s RIS AR B E 22 IR 2 5AE P<0.05 KPR B35
A :bee mortality ; B : mite mortality ; Error bar indicates standard variance, * indicates variation is significant at P<0.05 level.
B2 BT SORF O S 5 AR PLIBE AL TR B 1

Fig.2  Mortality of bees and mites after the treatment of celery seed fumigation
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Tab.2 The main metabolites with significant variance and the associated
pathway of celery seed fumigation on honey bee

R £ (LD Kese MRS R 2 FR (T H) Ko MR
Kegg Kegg
Metabolites (up) Metabolites (down )

pathway pathway

FH LT i Methylmalonic acid C02170 i} % Naringenin C00509
MR R FEBEFABZ Adenylsuccinic acid C03794 251 Rutin C05625
JRER Uric acid €00366  Fii# % B2 Prostaglandin B2 05954
JRE: diMp C06196 % Chrysin 10028
JIsd SR DR W E A IR T B dUMP €00365 MR Folic acid €00504
it it i W 8 4% AT R S—Thymidylic acid C00364  JB4AUHE T Deoxycytidine 00881
1 & Behenic acid C08281 Yol K #E Genistein C06563
2 R Suberic acid C08278 2% iR Sebacic acid C08277
A HEH K Glutathione C00051 1D -6-11% Glucosamine 6-phosphate C00352
PSR L-Cysteine C00097 S A RSN ER A9 13-L-Hydroperoxylinoleic acid ~ C04717
1EA %R Norvaline 01799  ZEHEEH iR Phenylglyoxylic acid €02137
JEBEIEAR Citicoline C€00307 T HAERR Pentadecanoic acid C16537
WH R Inosinic acid C00130 7-F JEHEIEENS 7—-Methylxanthine C16353
IR IS 4% Inosine C00294 20-F2- " hEPUsiZ 20-Hydroxyeicosatetraenoic acid C14748
1-Z51) 1-Naphthol Cl11714 H R ZEZ Tsorhamnetin 10084
BASERY, Papaverine C06533 T T BR/NHTR Docosahexaenoic acid C06429
HIBET RS2 Testosterone glucuronide C11134 FEURIR Oleanolic acid C17148
3,4- RIS 3 ,4=Dihydroxyhydrocinnamic acid ~ C10447 Z& {0, Morin C10105
F H % Coumarin C05851 5 82 G2 Aflatoxin G2 C16754
D& D-Cysteine C00793 TNBENE LB Palmitoylethanolamide C16512
3 4 % 1 3-Methoxytyramine C05587  SE¥PHHK Mezlocillin 07221
it [ Estradiol C00951

9-0x00DE C14766

N-Z Bk #h 22 2 BETR N-Acetylneuraminic acid C19910

5-KETE C14732

D2} F MR D-Galactosamine C02262

AU Hydroquinone €00530

T RIBEE R Amikacin €06820
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Fig.3 Cumulative survival of Apis mellifera and Varroa destructor after the main volatiles of celery seed treated
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